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The differentiation of hemolytic streptococci by means of differences 
in the final hydrogen ion concentration and in sensitivity to methylene 
blue has been presented in a preceding paper (1).  By means of these 
reactions  three  groups  were  distinguishable:  (1)  human strains, 
defined by a final pH range of 5.0 and by failure to reduce methylene 
blue (1:5000)  in milk; (2)  bovine strains from the  udders of  cows, 
characterized by a  final pH of 4.5  to 4.2  and by  failure to  reduce 
methylene blue; (3) saprophytic strains from dairy products, showing 
a final pH of 4.5  to 4.2  and the  capacity to  reduce the dye during 
growth in milk. 
The present paper presents the results of the application of the same 
tests to a collection of different strains of non-hemolytic streptococci 
isolated from human infections, bovine mastiffs and dairy products. 
Description of Strains 
During the investigation 55 strains of non-hemolytic  streptococci  were  exam- 
ined.  Of these,  12 strains were isolated from individuals suffering from endo- 
carditis and septicemia,  6 from the udders of cows showing mastitis and 37 from 
dairy products such  as butter starters,  sour milk,  and cheese.  On blood agar 
plates all produced methemoglobin both on the surface and in the depth of the 
medium with the exception of three from dairy products which caused no change 
in  the blood pigment.  None  of the strains  except  three from human source 
fermented inulin.  All strains were insoluble in bile.  The origin and number of 
strains from each source are given in Table I. 
Final Hydrogen Ion Concentrations 
To  determine whether the  non-hemolytic streptococci  could  be 
divided into high and low acid groups as the hemolytic strains  had 
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been,  the final hydrogen ion concentration in  dextrose  broth was 
tested. 
Fifty-four of the 55 strains tested showed a range of pH from 4.9 to 4.1.  Only 
one of  the  strains  from  human  source  showed  a  low-acid-production  (pH  5.2) 
within the range given for the hemolytic strains isolated from human infection. 
Five non-hemolytic strains  from human  source and  two from mastitis  in  cows 
showed final hydrogen ion concentrations between the limits distinctive for human 
and bovine types of hemolytic streptococci (pH 5.0 to 4.5). 
No distinction between strains  from bovine and human sources 
could be  demonstrated therefore, by means of  differences in their 
final hydrogen ion concentrations. 
TABLE  I 
Non-Hemolytic Streptococci 
Source  Number  of strains 
Endocarditis: septicemia  ......................................... 
Bovine mastitis ................................................. 
Sour milk, cream  ................................................ 
Butter starters .................................................. 
Ice cream  ...................................................... 
Cheese  ........................................................ 
12 
6 
18 
10 
1 
8 
Total  .......................................................  55 
Reduction  of Methylene  Blue Milk 
The capacity of the non-hemolytic streptococci to reduce methyl- 
ene blue milk was tested by the method described-in the preceding 
paper (1).  Methylene blue was added to milk in final concentration 
of 1 : 5000, 1 : 10,000 and 1: 20,000. 
The results of the study of the reducing action of these strains are 
given in Table II. 
Analysis of the data (Table II) shows that with the non-hemolytic 
streptococci  as  previously with  the  hemolytic variety,  strains  of 
saprophytic origin have a greater tendency to tolerate and to reduce 
high concentrations of methylene blue than have strains of parasitic 
(human or bovine) origin.  This tendency is evidenced by the fact 
that 14 of the 18 strains from human and bovine sources failed  to Roy c.  AVERY  789 
reduce a  1:5000 concentration of the dye whereas 32 out of the  38 
strains from saprophytic sources not only actively reduced but grew 
luxuriantly in the same concentration. 
However the difference in sensitivity to methylene blue was not so 
pronounced and clean  cut with the non-hemolytic streptococci as 
it was with the hemolytic strains  (1);  and although  a  number of 
different concentrations of the dye were tested, no satisfactory distinc- 
tion could be obtained between the strains from human and bovine 
infections and the saprophytic strains from dairy products.  When 
the concentration (1:20,000) was sufficiently low to permit reduction 
oK the part of all the saprophytic strains, the dye was likewise tolerated 
by more than half of the strains from human sources and from bovine 
TABLE  II 
Reduction of Methylene Blue  by Non-Hemolytic Streptococci 
Concentration 
methylene blue 
in milk 
Not reducing 
1:20,000 
1:10,000 
1:5,000 
Human infections 
Reducing 
5  7 
7  5 
11  1 
Strains isolated from 
Bovine mastltls 
Not reducing  Reducing 
1  5 
2  4 
3  3 
• 
__  Not reducing  Reducing 
0  38 
1  37 
I  6  I  32 
udders.  Increasing the concentration of the dye was of no advantage: 
when the concentration  (1:5000)  was  sufficiently high to prevent 
reduction on the part of most of the human and bovine strains, about 
one-fifth of the saprophytic strains proved unable to tolerate the dye. 
Hence, although the total number of strains studied was not large, 
the  results  definitely  show  that  with  non-hemolytic streptococci 
differences in sensitivity to methylene blue fail to give a distinction of 
practical value between strains from pathogenic and those from sapro- 
phytic sources. 
DISCUSSION 
Previous work (1) has shown that hemolytic streptococci may be 
divided into  three  groups on  the basis  of differences in  the final 
hydrogen  ion concentration and in sensitivity to methylene  blue.  The 
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be  similarly differentiated by these reactions.  The  cultures from 
human source with one exception, attain a final hydrogen ion concen- 
tration comparable to that of the strains isolated from milk and from 
cows udders.  These results are in agreement with the observations of 
Ayers,  Johnson and  Davis  (2)  who  found that  95%  of  the  non- 
hemolytic streptococci from feces and udders of cows had  the same 
range of final hydrogen ion concentration (pH 5.0-4.5) as had strains 
from  human  infection.  Moreover,  differences  in  sensitivity  to 
methylene blue  of  the  non-hemolytic strains  of  saprophytic  and 
parasitic origin are not sufficiently marked to be of differential value. 
It has been observed by many investigators that the saprophytic group 
of lactic acid streptococci (Strep. lacticus) which predominate in many 
dairy products, are in general characterized by a marked capacity to 
reduce  dyes.  The  reducing capacity of  strains  from saprophytic 
sources  previously  reported  (1)  for  hemolytic streptococci  is also 
evident among the non-hemolytic streptococci.  However, the lack of 
correlation between acid production and  sensitivity  to  methylene 
blue among the non-hemolytic streptococci is in striking contrast to 
the definite relationship found within the hemolytic group.  In this 
connection it is interesting to note that Ayers and Rupp (3), by means 
of the hydrolysis of sodium hippurate were able to distinguish hem- 
olytic  streptococci  isolated  from  the  udders  of  cows  from  those 
derived from human sources.  But, when the same test was applied to 
the non-hemolytic streptococci, they found a number of strains from 
the udder which did not produce the hydrolysis typical of the hem- 
olytic variety from this source. 
This lack of uniformity in the biochemical reactions of the non- 
hemolytic streptococci is also apparent in the lack of  specific rela- 
tionships demonstrated by immunological methods.  Kinsella  and 
Swift (4) found that the non-hemolytic streptococci are antigenically 
heterologous.  On the other hand the hemolytic group from human 
sources has been shown by several investigators (5, 6)  to consist of 
types defined by a considerable degree of immunological  specificity. 
The results of the present investigation support the view that in 
their biochemical reactions as in their serological behavior the non- 
hemolytic streptococci are a  more heterologous group than are the 
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SUMMARY 
The results of the present study may be  briefly  summarized as 
follows.  Acid production and sensitivity to methylene blue of 55 
strains of methemoglobin-forming streptococci from various sources 
were studied to determine whether it is possible on the basis of these 
reactions to differentiate strains of human, bovine, and dairy origin. 
Twelve strains were isolated from human infections, 6 from bovine 
mastitis, and 37 from dairy products.  The final hydrogen ion concen- 
trations of all cultures in dextrose broth regardless of the sources 
from which the strains originated, covered the range pH 5.2 to  4.1. 
There appeared, therefore, to be no correlation between the amount 
of acid produced by a given strain and the source from which it was 
originally derived.  Low acid production, a characteristicof hemolytic 
streptococci of the human type, was not a distinguishing mark of the 
green  producing organisms from  human  infection,  and  high  acid 
production was not limited to strains from bovine and dairy sources. 
Differences  between  saprophytic  and  parasitic  strains  in  their 
sensitivity to methylene blue in milk were not so sharply defined as 
were those previously demonstrated for the hemolytic streptococci. 
Of  18  strains  of human and bovine infections, 14  showed  neither 
reduction nor growth in  the presence of a  1.5000  concentration of 
methylene blue.  Of the 38 strains from dairy products 32  reduced 
the dye and grew in this concentration. 
The results with the non-hemolytic streptococci indicate that the 
saprophytic strains have a greater tolerance for the dye than have the 
strains of parasitic origin. 
The significance of these results in the differentiation of streptococci 
of human, bovine and dairy origin is discussed. 
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